Abstract: High-frequency acoustic backscattering was measured from a sandy site located in very shallow water (8 m) off
INTRODUCTION AN~~THODS
A number of results from high-frequency bottom scattering experiments have been reported from diverse sediment types in shallow water (1) (2) (3) (4) (5) (6) . In most cases, scattering strengths have been high (-28 to -16 dB, at 30°g razing angle), especially in sands, Characterization of sediment properties concomitant with the acoustic experiments have indicated that interface roughness, sediment volume inhomogeneity, or a combination of the two features determine the intensity of backscattering from the seabed. Generally, backscattering from a coarse-grained, rough seabed is controlled by the interface roughness and backscattering from a fine-grained, smooth seabed is controlled by the sediment heterogeneity below the interface. Shells, shell fragments, animal burrows, and sedimentary stratification are some of the features contributing to the sediment heterogeneity responsible for acoustic backscatter (7) . Recent attempts at modeling high-frequency bottom backscattering have incorporated parameters describing such variability in sediment volume properties in order to predict the contribution to scattering, especially at grazing angles exceeding the critical angle (4), (8), (9) .
A series of high-frequency acoustic measurements was collected in 8 m of water in an area 1.5 km west of the beach in Tirrenia, Italy. Backscattering data were collected at various grazing angles and frequencies from 20 to 200 kHz in one azimuth in order to augment the Synthetic Aperture Sonar experiment investigating environmental variability in very-shallow-water areas. In order to characterize the sediment properties in the ensonified area, diver cores and stereo photographs were collected along the azimuth subsequent to the acoustic data collection. Compressional wave veloci~and attenuation were measured on the sediment in the diver cores at 400 kHz within 24 hrs of collection, Sediment porosity, density, and grain size distribution were measured in the laboratory afier minimal disturbance during transport and handling of the cores.
RESULTS
The experiment site was a very fine sand with minimal interface roughness. The very fine sand was well sorted (average sorting = $). Seabed roughness consisted of rapidly degrading, low-magnitude ripples generated by onshore wind-wave action. Although ripple crest heights varied from 2.5 to <1 cm and ripple wavelengths varied from 15 to 50 cm, much of the seabed exhibited only slight or no obvious ripple patterns.
Variability in sediment parameters was very low. Table I exhibits values of mean and standard deviation for measurements of sediment compressional wave velocity, compressional wave attenuation, porosity, and mean grain size. The coefficient of variation (standard deviation divided by the mean, expressed as a percentage) for each of these four parameters is compared with the coefficients for parameters measured in several nearshore environments in Table 2 . Variation in sediment parameters is lower or as low as the least-variable environments. Those environments with low variability in sediment parameters are characterized by sediments that are dynamic, i.e., periodically resuspended due to strong hydrodynamic forcing (tides or wind waves) or physical disturbance. Lack of significant seabed roughness and variation in sediment properties accounts for low acoustic backscatter despite the "har&' nature of the sand bottom. A prediction made from the APL-UW composite roughness model employing the sediment parameters as well as the range of frequencies used in the field experiment is shown in F% 1. 
